Learning Through Research In
Introductory Physics
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Outline

Why introduce research into an introductory
physics course?

Learning Objectives

Implementation

Examples

Assessment of the learning effectiveness

Challenges with implementing research in an
Introductory course



Why Introduce Research into an
Introductory Physics Course?

Started with GE assessment
Active learning

Applying physics knowledge and scientific
methods

Positive side effects:
benefits to instructors
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Learning Objectives

1.

Investigate the physics underlying an
everyday experience or an area of study.

Design and conduct a scientific experiment.
Analyze the measured data.

Draw conclusions based on data and
observations.

Create a scientific poster and present it to
peers.



Implementing the Project

BRGNP

Exploring the research idea.
Writing a project outline.
Peer-review of project outlines.
Instructor’'s comments and suggestions.
Revising the project outline.
Conducting the research.
Making a scientific poster

In-class presentation.



=
Timeline
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Example Research ldeas

1.

Pressure on the forefoot when wearing
different types of high heels

Effect of tire pressure on the gas mileage of

acar

Jumping into tension: exploring the forces
on the foot and knees while jumping

4. Tractor pu

5. Centripeta

. Active vs.

ling competitions
force in barrel racing

passive recovery in swimming



Example Reviews

= Peer Reviews

= Review 1

= Review 2

* Instructors’ comments/suggestions

= Balancing a Backpack

= The effect of tire pressure on the mileage of a car

= Optimizing the Serve of a Volleyball
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The Effects of Active vs

Passive Recovery

on Power Qutput while Swimming

Introduction

Aciive Recovary is tha lerm used for cociing
down afler o workoud, through show or modarate
woarcise, Passive Recovary is ibe cossation of
any axencise afler a workowt

‘Whaen exercising, m tha first 10-120 saconds,
ther anergy produced by the body is mamnly
anaarcoic, Thes type of enargy praducsion
producas laclic acid. Onoe you siop, biood and
lactsc acid pood in acteee muscies, This siopping
ningars the transpart of nudrients naadad to aid
musCia recowany. Active recovary allows the
nlood ko transport thesa nulrisnts 66 wel as
taking negative by-products away from the
muscias, incuding the lactats aoid.

Lingering lactic acid i tha muscles mesuks in
a haavy farlng, muscle soreness, and stiffnass,
This zan negativahy affect repeat parformances.
Purpose
This axperiment was done [0 discover the
benefits Bnd costs essociatad with active and
passive recoverng, | wanted bo detarine the
bt form of racoveny for ethsabas, 10 alow
repaal optimal petermances.

Materials
Taﬂ m ﬂmvslrh pulley syslam,

Method
+ & Linfoarsity swimmears chosan
« Al from the sprinting 1ypa group
+ Dividad into passive & active groups.

Abet is warn around the west, connacied
1o & pulley and waightad barred

The waight in Ihe tamal is set

Each swimmer sprints for babwaen 1530
seronds, down & 25-meter pood. Tha
dstanca the bamel mowas vertically, is
measgured al 1ha and of the time

Than the aclive group récavers ackyaly
&nd Ihe passne group sits sbll

The trial i rapeaiad sfter & time of full
recavery

Thes test was

1he grouns:

Data
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Example Posters

A Comparison o
Stretchin

toa pdm of Mnhlrlg msathn Dynmh stretching
generally involves moving a imb through its full range
of motion to the end ranges and repeating several
times. Lastly, ballistic stretching is characterized by
rapid, alternating movements or ‘bouncing’ at the end-
range of mation'.

Power is defined as energy divided by time”. This study
attempts to determine which of the three streiching
techniques has the greatesi impact on power outpul
while jumping by comparing the power oulput before
and after stretching for each technique. The results can
be utilized by alhletes, strength and condilioning
professionals, coaches, trainers, physical therapists,
and anyone involved in a training program fo construct
a more efficient and effective training program.
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Figure 3. Column graph lustrating the average
improvements of the male and female subjects for each
stretching technigque.

more successful and eﬂenm program and preventing
injury when it comes to stretching and warm up.

While the results were consistent, many factors play into
this study. Among these factors include jump consistency,
fitnass level of subjects, and pre-trial actity,
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Example Poster

Environmental Effects on Dwarf Hamsters’ Nocturnal Running Patterns
Timothy Rethorn

@hstrat:t

jl (Methuds and Materials

} Chlethods and Materials Cont'd )

Dwarf hamsters are popular pets. espedially due to
their ease of care and lack of many necessities.
One fascinating item is that they are noctumal
creatures that run for long perods of time at night',
bt [#tle data exists on the distances that they run in
an exercise wheel. \arious sources claim that dwarf
hamsters can run anywhere fom one mile to one
hundred miles in a single evening. This project will
meagure the average distance that two dwarf
hamsters run per evening with the lights off over the
course of several days. k will then be repeated with
the Bghts on. A magnetic contact switch with a
magnet attached to the exercise wheel will be
hooked up to @ computer to record the total
revolutions per might, and the distance that the
dwarf hamsters run will then be ealculated fom the
circumference ofthe wheel.

(I-ntruduction )

Dwarf hamsters are extremely hardy creatures that
serve as popular pocket pets, due to their ease of
care. They alsa only reguire food. water, shelter,
and some form of exercise device, mest often an
exercise wheel!. Dwarf hamsters are noctumal
animals, so the majority of their activity is between
sunset and sunrise. WWhen dwarf hamsters are in
captivity, their activity levels are generally highest
when envirenmental factors like individuals'
mavement, Bght, noise, and so forth are at a
mnlmum namely ater the residents of the house
g'n sleep. Thus, it can be reasonably assumed

at these factors will mduence dwarf hamsters'
natural running patterns, either increasing or
decreasing the distance run.

Figume 1. Mouges, lelt, and Oran, right

The average distance that two dwarf hamsters
(See Figure 1.} ran per night, fom 7 pm. to 7
am, was measured. Each environmental
condition was measured over the course oftwo
evenings for each hamster. The frst condition,
which was the control, incleded no ambient Bght,
sound, or other changes. The second condition
included having a light tumed on, which directed
at the hamster's cage for the duration of the
night. The third condition inwelved music being
played in the room that housed the hamsters'
cages. The final condition invelwed an electronic
fan blowing on the cage for the entirety of the

night.
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Figura 2. Exarciis W hesl with Alluchud Swilch snd USB
Connesior

To measure the distance that the dwarf
hamsters ran, first, a magnet was attached to
their exercise wheel (See Figure 2. Mext, the
magnetic contact switch was atached to a fzed
position next to the wheel, such that the magnet
on the wheel activated the switch every time it
passed it (See Figure 3). The switch was
connected to a USHE cable, which was then
connected to @ computer. The computer ran a
Python language computer programming script
to record the data from the switch. One set of
equipment was used. First, data was

Figum 3. Mougal in The Exarcos W hesl

@tesults )

For both dwarf hamsters, the control condition
and the music condition were similar in the total
distance that each hamster ran (See Figure 4.)
When a light was shone on their living guarters,
both hamsters ran almost no distance entirely.
Most apparent was the final condiion of a fan
circulating air through the hamster's housing
area. Both hamsters dramatically increased the
distance that they ran while the fan blew on
them.

Tubla 1. Bata 1kin bor Each Owarf Hamaler and Esch Sondilian

(Results Continued :}
3
s T mBmn

1 2 3 4 3 B 7 E3
‘Contred Light Music Fan

Figura £, Sraph o the Hematrs’ Teml Detancs Run wdar
Each Ervionmantsl Canditian

(I}ist:ussiun )

host noticeably, both dwarf hamsters drastically
decreased the distance they ran when the lights
were on, and dramatically increased the
distance they ran when a fan was Blowing on
them. Apossible explanation for this behavior is
that they are naturally nocturnal creatures, so
when a light was shone on them, they
|nshnulua|l{ thought that it was daytme, and
not r them fo be active  Additionally,
when the fan blew on them, it might have had a
cooling effect” on them, thus allowing them to
run for longer perods of time and for longer
distances. Une possible source of emmor was
that only two data points per hamster for each
condition were collected, which increases the
possibility of insignificant outlier data points.

for all conditions on one hamster, then it was
transferred to the other dwarf hamster's tank to
repeat the measurements. The diameter of the
wheel was measured. from which the
circumference was calculated: (See Table 1.).

O evolilion wquals 0.000322% miks.
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Assessment of Effectiveness in Learning

= Project Outline, Peer Review, and poster
» Grading Poster
» Creativity and experiment
» Design of Methods
» Realistic, appropriate data analysis
» Effective presentation
*= Incorporating GE rubrics into poster grading

= Class survey



Class Survey: what did you learn the most from
the research experience?

= The process of conducting research, such as the
pre-planning and thought behind it

= How to conduct an experiment and learned how to
present the information in a professional fashion.

= Learned that physics is really an aspect in a lot of
different things that | would not have considered
before.

= How to apply physics to daily life and to my major of
physical therapy

= How to go about making a procedure to gather data

= How to format a scientific poster



Challenges for Students with Research

Limited or no exposure to physics concepts
related to their ideas.

Some interesting ideas require physics
knowledge beyond the introductory level.

Students can become frustrated
Not seeking enough advice from the instructor.

Copying ideas/method, without modifications,
from the internet.

Student effort sometimes does not match the
promise of their project proposal.



Challenges for Instructors in Implementing
Research a Physics Course

» Guiding students toward non-trivial projects
within their capabilities.

= | ack of student motivation

= Time consuming for instructors



Is It Worth I1t?

Experiential learning at an early stage

Learn, develop, analyze, and present: some
students have not been exposed to realistic
data collection and analysis before

Exposure to mistake and revision process
IN science: many never experience it

Depends on the
student’s attitude
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